Abstract: Purpose: We aimed to determine optimal cut-off points of plasma levels of ghrelin and serum levels of pepsinogen I, II, and their ratio for screening of gastric cancer (GC).
Introduction
Despite an overall decline in gastric cancer (GC) incidences and mortality in the last century, it is still the fourth most common cancer and the second leading cause of cancer-related death worldwide [1] [2] [3] . There are definite differences in the incidence rates between and within countries [4] . In Iran, the northern and northwestern regions are high-risk areas for GC [5] [6] [7] . A fifteen year trend analysis in Guilan province showed a Stable situation of GC (trends of GC), plus an age standardized incidence rate of 14.5 per 100,000 for GC [8] .
Upper gastrointestinal (UGI) endoscopy and histological examination of endoscopic biopsy are commonly used in the diagnosis of atrophic gastritis and premalignant lesions, as well as differentiation of diseased stomach mucosa from healthy mucosa. However, these techniques, mostly the biopsy sampling, are invasive and scientists are trying to find non-invasive methods. Evaluation of the amount of serum and plasma biomarkers such as pepsinogen (PG) I, II, PG I/II ratio, and ghrelin would be a non-invasive option [9, 10] . Although, gastric PG I and II are produced by the chief cells in the gastric fundus, PG II is also produced by the pyloric glands in the antrum and Brunner's glands. A rise in the concentration of the both occurs because of inflammation. During atrophic gastritis, the serum levels of PG I decrease with the exception of PG II. The gastric mucosa morphological status is reflected in these alterations [11] . On the other hand, changes in ghrelin expression in patients with gastric atrophy has been investigated recently, suggesting its potential role as a marker of gastric mucosal function [12] . Additionally, a negative association between serum ghrelin and UGI cancers were reported [13, 14] . UGI endoscopy or Esophagogastroduodenoscopy (EGD) are the best standard methods for the diagnosis of UGI diseases, and remarkably powerful tools for therapeutic goals. For EGD, there are little studies measuring the quality of this method quality. Additionally, the lack of functions evaluates, which last much longer than for a colonoscopy, may be influencing EGD quality.
The aims of the present study were to evaluate and compare the serum levels of diagnostic biomarkers between control, healthy volunteers and patients with GC, and to find a cut-off value for each biomarker.
Materials and Methods

Study design and setting
This case-control study was performed to evaluate and compare the gastric markers between a healthy control group and patients with GCs from January 2014 to February 2015. Gastrointestinal and Liver Disease Research Center (GLDRC) of Guilan University of Medical Sciences funded this study. The Ethics Committee of Guilan University of Medical Sciences has approved the study design, protocols, and informed consent procedure. Forty-one patients with confirmed GCs in their body and antrum as confirmed by endoscopy, without any previous medical intervention, were considered as the case group. In addition, 82 patients, who underwent diagnostic endoscopy for any other reason without malignancy, served as the control group. Patients with previous gastric surgery or any other treatments for GC including chemotherapy or radiotherapy were excluded. After the recruitment, a checklist was completed for all patients, including age, sex, BMI, history of smoking, and alcohol consumption.
Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the Ethics Committee of Guilan University of Medical Sciences
Informed consent: Informed consent has been obtained from all individuals included in this study
Tissue sampling
For endoscopic evaluation, after two local anesthesia using 10% Lidocaine (with 10 minute interval), an upper GI endoscopy (video-endoscope, GIF-Q240Z; Olympus Co., Tokyo, Japan) was performed by three experienced endoscopists and cooperation of a trained staff based on the standard guideline to decrease observer bias. The samples were fixed in 10% formalin, labeled with the subject's codes, and described by a blinded pathologist to decrease measurement bias. The diagnoses were consistent with protocol requirements regarding International Classification of Disease for Oncology 3 rd edition (ICD-O-3).
Laboratory assessment
To decrease measurement bias, all blood samples were analyzed in a single private laboratory. First, 5 mL blood samples were obtained after overnight fasting from cubical vein in resting condition. In this way, determination of serum levels of PG I and PG II were performed using a commercial ELISA assay (Gastropanel ® , BioKit ® , Helsinski, Finland), following the manufacturer's instructions. Measurement of acylated ghrelin in the plasma (ghrelin unit is pg/ml) was performed using a double-antibody sandwich enzyme immunoassay (Human Acylated Ghrelin ELISA; BioVendor Laboratory Medicine, Inc., Modrice, Czech Republic).
Statistical analysis
For statistical analysis, differences in serum biomarker values, in each group and totally between two groups, were analyzed using two independent sample t-tests. Correlation between all biomarkers in each group were analyzed separately using the bivariate Pearson correlation test. The Receiver Operating Characteristic (ROC) curves were used to find an appropriate cutoff point for each biomarker. All statistical analysis was performed using SPSS version 23. Numeric data were presented as the mean ± SD, and qualitative data as frequency and percentage were presented. Figures were created using GraphPad Prism 7.0.
Results
Forty-one patients with GC and 82 healthy volunteers were enrolled in this study as the case and control groups, respectively. Case and control groups were matched in age (66.98±13.25 years old vs. 63.62±15.90 years old respectively, P=0.247), sex (male to female ratio was 1.93 in both group, P=1.000), and BMI (24.02±2.42 kg/m 2 vs. 24.74±2.81 kg/m 2 respectively, P=0.168). Among the 41 patients with cancer of stomach, 20 had cancer in the gastric cardia and the other 21 individuals had non-cardia cancer. The case group had lower plasma levels of ghrelin, PG I, PG II, and PG I/ II ratio in comparison to the control group, and all these differences, except serum level of PG II, were statistically significant (P<0.001, Table 1 ). However, no significant differences were detected between the two types of GC for any of the serum or plasma measured biomarkers (P>0.05, Figure 1 ). Although, the PG I/II ratio in non-cardia type of GC was higher than cardia type (4.39±5.43 vs. 2.19±.0.45), this difference was not statistically significant (P=0.078).
In the case group, significance was seen in lower PG I (P=0.006) in males versus females and lower plasma ghrelin in overweight versus normal weight patients (P=0.017). The control group resulted in significantly higher serum PG I (P=0.028) and PG II (P=0.003), and lower PG I/II ratio (P=0.020) in males versus females; significantly higher serum PG II (P=0.047) and lower PG I/ II ratio (P=0.030) in overweight compared to normal weight patients; and significantly lower PG I/II ratio (P=0.030) in smokers versus non-smoker ( Figure 2 and Table 2 ). (Table 3) . ROC curve analysis indicated that plasma concentration of ghrelin and PG II were not appropriate biomarkers due to low sensitivity and specificity in screening of GCs. However, PG I and PG I/II ratio showed good sensitivity and specificity, and can be used as biomarker to detect suspected GC at a cut-off of 70.95 μg/L and 2.99, respectively ( Figure 3 and Table 4 ).
Discussion
Investigating all types of serum pepsinogen levels as specific and sensitive biomarkers for screening of GC is of great importance. We aimed to determine optimal cut-off points for plasma levels of ghrelin, and serum levels of pepsinogen I, II, and their ratio for screening of GC. Conspicuously, diagnosis of GC by endoscopy and pathology is too complex and expensive, needs complicated tools, and has low patient compliance. Thus, serological screening using appropriate sensitive and specific biomarkers is very attractive. This study evaluated and compared the plasma levels of ghrelin in addition to serum levels of PG I, II, and their ratio in patients with early diagnosis of GC and a healthy control group to find appropriate biomarkers and their diagnostic cut-offs levels. We found that plasma levels of ghrelin and serum levels of PG I and PG I/II ratio in patients with GC were significantly lower than healthy ones. Also, gender, BMI, and smoking can induce significant changes in all the above-mentioned biomarkers in both case and control groups. Eventually, serum PG I and PG I/II ratio were confirmed as appropriate biomarker due to good specificity and sensitivity. In a systematic review and meta-analysis with 4241 patients, it has been reported that a combination of pepsinogens with other biomarkers, such as gastrin-17 and serum antibodies against H. pylori, and not pepsinogens alone was a reliable tool to diagnose atrophic gastritis [15] . However, this four tests (used kits) algorithm is expensive and must be evaluated for cost- effectiveness. Although, the serum levels of pepsinogens correlate negatively with risk of GCs [16, 17] and also their levels are markers of gastric atrophy [18] , assessing of pepsinogens alone is reported as inaccurate to diagnose GC and atrophy [19] . Also, the sensitivity ranges of pepsinogens are too wide in different studies from 36.84% [20] to 90.91% [21] for detection of GC and from 25.00% [22] to 91.18% [23] to detect atrophic gastritis. These differences may be due to several factors such as infection by H. pylori [24] , age [25] , cardia/non-cardia nature of GC, and atrophic gastritis alone or with intestinal metaplasia [19] , which can alter the serum pepsinogens levels. Sensitivity and specificity have a negative relationship, when one increases, the another will decrease. Based on optimal cut-off points of all four biomarkers, it is stated that the serum PG I, with a sensitivity of 92.68% and specificity of 85.37% for a cut-off of 70.95 μg/L, and PG I/II ratio, with a sensitivity of 90.24% and specificity of 93.90% for a cut-off of 2.99, have the highest sensitivity and specificity in order to diagnose GC. Oishi et al. also expressed that serum PG I as a level of 70 μg/L was a sensitive and specific biomarker for early detection of GC [16] , which is similar to our findings. Similar to our study and Oishi et al.'s report, Miki et al, also found that 80% of all primary GCs that were diagnosed with routine endoscopy had serum PG I concentration of less than 70 μg/L combined with a PG I/II ratio of less than 3 [26] . However, Dinis-Ribeiro et al. in a meta-analysis found that using serum PG I levels of less than 50 μg/L and PG I/II ratio < 3 with sensitivity of 65% and specificity of 74%-85% and negative predictive value of more than 95% could detect GC [27] . Ghrelin's role in regulating energy balance and weight gain were demonstrated by an increase in appetite and desire to eat [28] . Recently, the roles of ghrelin in the modulation of pathogenesis, progress, and clinical features of cancers were also reported [29, 30] . It is confirmed that assessing plasma ghrelin could help to better diagnosis and classify patients with GCs [29] . Similar to significantly lower plasma levels of ghrelin in patients with GC in comparison to healthy control group in this study, Murphy et al. also suggested that lower serum levels of ghrelin were associated with an increased risk of GC [31] . An et al. showed that the serum levels of ghrelin were reduced in inflamed and atrophic gastric tumor tissue in comparison to normal non-tumor gastric tissues [32] . Osawa et al.
reported that production of ghrelin by oxyntic mucosal cells in the stomach impaired in chronic gastritis which eventually could presented as a decline in serum ghrelin level [33] . Overall, it can be said that decline of plasma ghrelin in GC may be due to the extent and proliferation of cancer in the stomach and also atrophic gastritis [34] . It has been suggested that age, gender, smoking, alcohol consumption, and body weight are related with serum levels of PG I, II, and ghrelin [35] [36] [37] . We found significantly lower plasma ghrelin levels in overweight versus normal weight GC patients. This is in line with the negative correlation between serum ghrelin and BMI that was reported previously [38, 39] , but opposite to other reports [28, 40] . It has been stated that basal ghrelin levels were significantly lower in the overweight/obese group compared with normal weight. Indeed, ghrelin secretion increases in anorexia and cachexia and was reduced in obesity as a signal of the metabolic balance to the central nervous system (CNS ) [38] . Related to gender effects, we found significantly lower PG I in males then in females in the case group, plus significantly higher serum PG I and II, and lower PG I/II ratio in males versus females in the control group. Higher serum levels of PG I in healthy males than females was reported previously [35] . Also, gender and age are can affect the levels of serum pepsinogensin patients with atrophic gastritis and GC [41] . Moreover, Oishi et al. showed a higher hazard ratio for PG I level ≤70 μg/L and PG I/II ratio ≤3 in men versus women [16] . Gender differences in PGs is mostly related to the hormone difference not cancer or atrophic gastritis as mentioned previously [35] . Therefore, gender and BMI are confounding factors and they should not be focused on.
Smoking is risk factor for certain cancers and, as we have seen, healthy control participants with smoking habit had lower PG I/II ratio in comparison to non-smoking. On the other hand, lower PG I/II ratio, as <2.99 as we detected in this study, is a highly sensitive and specific biomarker of GC. Therefore, these patients may be cancerous in the future and must be followed-up with. Although age is a confounding factor that induces some changes the serum levels of pepsinogens [42] , no significant differences were detected in any of the biomarkers in related to the age in either the control or the case groups.
Limitations
Although H. pylori is a common infectious organism and has been known as the major cause of gastric premalignant and malignant lesions, lack of checking for H. pylori infection in either case or control groups is the only limitation of this study. Molecular diagnostic techniques are recommended for better results in gastrointestinal cancers, especially gastric one (43) (44) (45) (46) (47) (48) (49) (50) (51) . The infection status may alter serum levels of ghrelin [33] and pepsinogens [52] , and must be addressed in the future studies performed in our center.
Conclusion
In the present study, we tried to determine a cut-off point for plasma ghrelin level as well as for serum PG I, II, and their ratio for detection of GC. We found that just PG I, with high sensitivity and moderate specificity, and PG I/II ratio, with high sensitivity and high specificity, could detect GC effectively. Patients with GC had lower serum PG II and lower plasma ghrelin in comparison to healthy control group, but these two biomarkers had low sensitivity and low specificity in detection of GC. Since, this study is among the first primary studies that have obtained a cut-off point to determine the following serum and plasma levels of biomarkers, further studies are required to increase validity and reliability of the cut-off points. Then, cut-off points could be used with a high reliability level in daily clinical practice of practitioners.
Conflict of interest:
Authors state no conflict of interest
